Background
Implantable electronic transponders offer a reliable, fraud-free system of individual animal identification (27, 28, 37) . A number of studies concluded that, of the available techniques, injectable transponders placed in the ear beneath the scutellar cartilage (C site) achieved the lowest failure rates (12, 14, 19) . Implantation at the C site in a number of studies resulted in a 100% retention and reading rate (15) . However, this site had one very serious disadvantage, namely: recovery at slaughter was unpredictable. In calves implanted at one to two months of age, 35/112 transponders (31%) remained in the head when the ear was removed post slaughter at twenty-two months of age (15) . Similar results were obtained in a study with calves in England and Germany (A. Sains, personal communication). Due to the risk of the transponder not being recovered at slaughter and subsequently entering the food chain, this method was considered impractical and an animal identification system based on transponders implanted subcutaneously or intramuscularly was deemed unwise. Hanton demonstrated that cattle could be identified electronically using an active (internal power source) rumen electronic transponder which was administered via the oral route (18) . The bolus used was approximately 8 cm long, 1.5 cm in diameter, and had a specific density of 2.0. Administration to the animal was via a bolus gun similar to that used for dosing cattle. This bolus was successfully administered orally to new-born calves in the first three days of life.
Rumen bolus development
Rumen boluses have been used as vehicles to deliver various products directly into the rumen on a slow-release basis (1) . These products include trace elements, growth promoters, anthelmintics and antibiotics. The development of the rumen boluses for electronic identification of cattle incorporated the previous knowledge gained from the use of such therapeutic boluses in the rumen.
Rumen bolus -trace elements
Soluble-glass boluses that administer selenium (Se) intraruminally, with a balling gun, have been used to increase whole blood glutathione peroxidose concentration in cattle (21, 23, 24, 30, 34) . Similarly, copper (Cu) was administered to ruminants using sustained-release rumen boluses (2, 17, 36) . Cylindrical rumen boluses (55 mm length x 18 mm diameter, with a density of 2.9 g/cm 3 ) suitable for ruminating calves over 75 kg live weight were used to supply trace elements and vitamins (22) . Investigations have used a soluble glass bolus to provide a slow release of Cu or cobalt (Co) into the rumen (2) . Other studies have investigated the acid base reaction of cements in the construction of rumen boluses used to supply Cu, Co and Se (31) .
Rumen bolus -growth promoters
Capsules (boluses) have been used to provide slow release of an ionophore, monensin, used to modify rumen fermentation to increase feed conversion efficiency in the rumen (33, 42, 43) . The monensin capsule consisted of a metal cylinder within which was a matrix containing the monensin. A spring driver plunger pushed the matrix through an orifice (43) . The total core length was approximately 11 cm. The rate of plunger travel was independent of the concentration of monensin in the matrix over the range examined (from 12.5% to 50.0%). Thus, by choosing the appropriate combination of orifice size and matrix composition, the capsule can be designed to reliably release monensin at a given rate for a predetermined period, to obtain maximum advantage from the use of the drug. The monensin delivery device was also described as a core assembled into a metal cylinder and secured by means of an adhesive filling the annular space between the matrix core and the interior wall of the cylinder. Either plastic snap-on end caps with perforations or a plastic shell with perforated ends were applied to the metal cylinder to provide protection to the exposed flat faces of the cylindrical core matrix (43) .
Rumen bolus -dispensers
A slow-release rumen capsule or bolus containing pluronic detergent was used to control bloat in grazing cattle (29) . A sustained-release rumen bolus containing tetrachlorvinphos was used against Musca autumnalis (40) .
A study was conducted to determine the relationship between density of the bolus and location in the forestomachs and the influence of these factors on bolus erosion (41) . Boluses with densities of 1.2, 1.4, 1.6, 1.8, 2.0, 2.2 and 2.4 g/cm 3 were produced from inert materials and administered to six fistulated Hereford heifers. A minimum density of 1.6 g/cm 3 was required to prevent regurgitation from the ruminoreticulum and a minimum of 2.0 g/cm 3 required for retention in the reticulum.
Boluses containing hexacyanoferrates were developed to effectively bind radioactive caesium, thereby preventing uptake by animal tissue in cattle grazing pasture after the accident at the Chernobyl nuclear power plant (25, 38) .
Electronic rumen bolus
Previous studies have demonstrated that an injectable transponder at the ear base site in cattle was a reliable method of animal identification. However, removal of the injectable transponder at slaughter was not completely reliable and the transponder could therefore enter the food chain (15) . Based on these findings, the industry decided to seek alternatives to injectable transponders. The rumen was identified as an appropriate location for an electronic identification transponder. The electronics industry, in addition to incorporating existing technology into creating a rumen bolus, developed a transponder specific to the rumen.
Ceramic bolus
Various ceramic boluses are commercially available, all of which employ a technology whereby an injectable transponder is encased in a ceramic cylinder. The ceramic case produces the necessary size and density to ensure that the bolus is retained in the rumen/reticulum. ) was used to produce a bolus for enclosing different types of glass encapsulated transponders (7, 9, 11) . Shape (cylindrical, with rounded edges at the extremities) and physical characteristics of the bolus (external diameter: 20 mm; length: 66 mm; weight: 65 g) are designed to allow oral administration to young and adult animals and to ensure permanent retention in the forestomach of sheep, goats and cattle. A drill hole of 7 mm x 45 mm in the centre of one end provides sufficient space to enclose different types of glass encapsulated transponders. The boluses were sealed with epoxy resin. The final weight of sealed boluses was over 67 g. The ceramic cylinder was encapsulated with a plastic coat.
Similarly, Ferri et al. described a bolus for cattle (66 mm in length, 20 mm in diameter, weight 63 g and density of 3.6 g/cm 3 ), in which the ceramic material is used to shield the transponder ( Fig. 1) (N. Ferri, personal communication) . The ceramic cylinder for the transponder is produced using a dry powder (96% Al 2 O 3 ) which is cold pressed and then fired at 1,580°C for 10 h; the transponder is a commercially available product with a reading rate of 0.12 sec. 
Steel weighted bolus
In the Netherlands, Nedap Agri developed a steel weighted bolus, designed specifically as an electronic rumen bolus (Fig. 2) . The principal feature is a glass cylinder containing the electronic components. The passive radio frequency identification (RFID) tag is integrated in a glass capsule to protect against penetration of rumen fluids. To withstand damage, the glass capsule is integrated in a plastic protective casing with damping material. A stainless steel weight attached to the electronic rumen bolus is positioned eccentrically to enable swift submersion through the rumen surface ( Fig. 2) . The electronic number of the transponder is also visibly printed on the bolus. This enables easy identification and recording before application without the necessity of a RFID reader. In addition, this provides a back-up in the slaughter process, in the unlikely event of the RFID component in the bolus being defective.
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Readers
Two types of readers are used, either static or portable. The static readers would be located in facilities with a large throughput of livestock, such as livestock marts, abattoirs, feedlots or cattle export premises. The static reader would automatically read the RFID tag as the animal passed through the reading field. The electronic identification would be stored and downloaded into a database containing an information file relating to that animal. The portable reader would operate on farms where the electronic identity of the animal could be linked to a veterinary inspection or other management procedures.
Electronic bolus administration
In respect to ruminating cattle of more than 100 kg live weight, the administration procedure is similar to that used to insert anthelminthic boluses, i.e. oral administration using an oesophygeal balling gun which delivers the bolus directly into the top of the gullet. The bolus should be inserted into the applicator as directed. The applicator should be inserted from the front (not sides) of the mouth and over the back of the tongue, with no more than gentle firm pressure. As the animal begins to swallow the end of the gun, the passage down the throat becomes easier and the applicator is at this point in position for firing. The trigger is squeezed to eject the bolus. Normal care should be taken not to cause any injury by placing the applicator too far inside the throat of the animal. The animal should be observed for a short time after dosing to ensure that the bolus has been swallowed.
Under European Union legislation, all bovine animals must be officially identified within four weeks of birth. This would necessitate the insertion of the bolus at a time prior to full development of the rumen/reticulum. In respect of young calves over two weeks of age, a different approach is required. Caja et al. reported that the application of a rumen bolus was possible in milk-fed calves (> 30 kg) (11) . Stimulation of the involuntary deglutition reflex by placing the bolus in the oropharynx seems to be a key practice for safe application in young animals (11) . The same authors reported some difficulties in swallowing the bolus for four milk-fed calves (4.1%) in the first week of life. In these cases, the bolus descent was aided by a downwards massage on the throat and neck, or the bolus was retrieved by upwards massage and the application delayed for one week. No accidents or injuries to the animals were produced during the application of the new ceramic boluses. Analogous results were reported by Hasker and Bassingthwaighte with ceramic capsules of similar dimensions but lower weight (60 mm x 20 mm, 40 g) in cattle (20) .
Muller concluded that the procedure of administering electronic boluses to neonatal calves should aim to introduce the device directly into the ruminoreticular compartment in order to prevent oesophygeal obstruction or passage of the bolus to the abomasum (35) . An applicator was developed for use with the steel weighted bolus that allows administration of electronic boluses directly into the ruminoreticular compartment of neonatal calves (Fig. 3) . The dimensions of the applicator are based on those of oesophygeal tubes, which are well known to farmers. The latter devices are used to administer colostrum or electrolyte solutions to neonatal calves. These conclusions are supported by the proposal that a technique suitable for oral administration of electronic boluses must aim to introduce the devices into the forestomach compartment (reticulorumen), but not into the abomasum of the new-born calf (35) . Foreign bodies present in the lumen of the abomasum of calves have been shown to cause severe harm by irritating the mucous membranes, and occluding the omasal, abomasal or pyloric orifice (44) . In contrast to these findings, very few complications have been described concerning boluses or magnets that have been deposited in the reticulum of adult cattle.
Fig. 3 Examples of long and short bolus applicators
To introduce the bolus into the reticulorumen compartment, closure of the reticular groove has to be circumvented. Previous studies have demonstrated that capsules with a diameter of 6 mm and a length of 31.6 mm reach the reticulum if no liquids are consumed during administration (35) . In contrast, when the animals were allowed to drink milk at the same time, the capsules passed through the oesophygeal groove to the omasum. Although these findings show that the bolus is more likely to reach the reticulum when administered by hand, a certain risk remains that contraction of the oesophygeal groove could result in deposition of the bolus in the omasum or even in the abomasum. Bolus guns (24 cm in length) are used to administer therapeutics to ruminating calves (Fig. 3) . These bolus guns must be inserted into the mouth as far as the pharyngeal region to stimulate the reflex of swallowing. By this means, chewing or rejection of the bolus is prevented. When bolus guns are used in neonatal calves, the electronic bolus, due to its dimensions, could be retained in the oesophygeal lumen (35) . This assumption is supported by observations from previous studies in which, on several occasions, the bolus could that boluses with a low density were regurgitated in both sheep and goats, with only 50% and 7%, respectively, remaining after three months (39) . Boluses with a specific density of 2.15 had a loss rate of 13% within eight weeks of administration (16) . When the specific density was increased to 2.35, a loss rate of 2% was reported within eight weeks of administration. However, when boluses had a specific density of 2.45 or 2.75, no losses occurred in the fifty-six-day period after implantation (16) . Initially, a specific density of more than twice that of rumen fluid was not expected to be necessary to avoid losses through regurgitation. However, the solid raft of digesta floating on top of the rumen fluid may retain a bolus with a specific density of less than 2.35 on the surface of the ruminal contents, such that the bolus could be easily regurgitated. However, a 'bottom heavy' bolus, with specific density of 2.75, was sufficiently dense to remain in place on the floor of the rumen/ reticulum (16) . Of 331 boluses with the 50 g added weight, all were present six months after administration; 328 were present after twelve months, representing a loss of three (< 1%) in the period from six to twelve months and no subsequent losses occurred. Caja et al. evaluated the retention rate for ceramic boluses of high specific weight (> 3.3 g/cm 3 ) in 1,487 cattle, and recorded 99.7% readability (11) . Losses in cattle (0.3%) were due to three beef calves and two beef cows that expelled the bolus in the first hours after application. These animals were retreated with boluses without new losses over the three-year experimental period (Table I) Rev. sci. tech. Off. int. Epiz., 20 (2) be palpated in the cervical part of the oesophygus after administration using a balling gun. The bolus present in the oesophygeal lumen forms a continuing stimulus for oesophygeal contractions. Spasmodic contractions of the oesophygus at the site of the bolus could result in oesophygeal obstruction (35) . In addition, the bolus lying in the oesophygeal lumen could pass through the oesophygeal groove to the abomasum at the moment when liquid foodstuffs are consumed. The use of bolus guns to administer therapeutics in calves can cause severe problems. Anderson and Barrett describe severe lesions of the pharyngeal region in addition to perforations of the oesophygus caused by excessive force used during oral administration of boluses by means of balling guns (3).
The use of a long bolus applicator analogous to an oesophygeal tube allows the bolus to be deposited directly into the rumen/reticulum and thus eliminates the risk of the bolus causing a blockage of the oesophygus. The long bolus applicator (Fig. 3) is 90 cm in length. In autumn 2000, the long bolus applicators were successfully used to deposit boluses in the rumen/reticulum of 110 Friesian calves with a mean live weight of 50 kg (range from 36 kg to 67 kg) without difficulty (R.J. Fallon, unpublished findings). The ability to deposit the rumen bolus directly into the rumen/reticulum using a specially-designed applicator is an important development, as concern has been expressed with regard to bolus administration to eight-day-old calves. In previous studies, a number of calf deaths were directly attributed to the bolus being retained within the oesophygus and other calves suffered damage to the oesophygeal wall which led to infection and death. In all of these cases, the bolus gun appears to have had a short range and deposited the bolus at the beginning of the oesophygus. In contrast, the long bolus applicator delivers the bolus directly into the rumen/reticulum.
Bolus specific weight
Suggestions in regard to the critical specific density required to achieve good bolus retention in the rumen vary considerably. Hanton reported that a specific density of 1.75 was the minimum that would allow the capsule or bolus to remain in the rumen (18). Riner et al. compared seven different bolus densities in the range 1.2 to 2.4 specific density (40) . In this study, a minimum density of 1.6 g/cm 3 was required to prevent regurgitation from the ruminoreticulum and a minimum of 2.0 g/cm 3 for retention in the reticulum. Hanton used boluses with a specific density of 2.0 in new-born calves and achieved permanent retention (18) . Recent development of boluses for electronic identification in sheep (5, 6, 39), goats (6, 8) and cattle (4, 5, 10, 20, 39) revealed varied retention results, depending on the physical characteristics of the bolus. Using a bolus with a specific density of 1.75, Fallon and Rogers reported a 100% loss rate within eight weeks of administration (16) ; the loss was through regurgitation. Ribo et al. reported Hasker and Bassingthwaighte reported a 100% retention rate for 1,059 feedlot steers which were given an electronic transponder in a ceramic capsule 55 to 107 days before slaughter (20) . The ceramic bolus in this study undertaken in Australia (20) had a specific density of 3 and was similar to that described by Caja et al. (11) , which was 66 mm in length, 20 mm in diameter, weighed 65 g and enclosed a passive transponder of 32.5 mm in length and 3.8 mm in diameter (11) . The various studies clearly demonstrate that for a rumen transponder to be retained in the rumen, a specific density in excess of 2.75 and preferably of 3 is required. Studies performed in Scotland used a cylindrical rumen bolus (55 mm length x 18 mm diameter with a specific density of 2.9) as a method to supply trace elements to ruminants (22) . The steel weighted bolus with a specific density of 3 was developed following various field trials with boluses of lower density. An additional feature of the steel weighted bolus is an attached stainless steel weight which is positioned eccentrically to enable swift submersion through the fibrous mat in the rumen/recticulum.
Ruminal boluses of high specific density
Boluses with a specific density in excess of 2.75 are recognised as having a potentially high retention rate in the rumen. The Joint Research Centre (JRC) in Ispra, Italy, has tested a large number of boluses for electronic reliability. The list of suppliers of such boluses which achieve a read distance of over 80 cm to a static reader or a read distance of over 25 cm to a portable reader has been prepared by the JRC and is presented in Table II. the rumen arrived in the offal hall but was found in the rumen contents adjacent to the reticulum (1 in 30) (16) . The displacement was probably associated with the rumen turning over during movement from the abattoir line to the offal hall. A facility to redirect rumens from the offal line may be required to achieve 100% recovery in the rumen/reticulum, particularly in a fast-moving slaughter line (100 cattle/h). Caja et al. stated that recovery of the boluses was simple and recovery time varied from 12 sec/animal to 15 sec/animal in cattle (mean 12.3 sec) (11) . A comparison between animals with and without ruminal boluses demonstrated that the rumen/reticulum was unaffected by bolus administration (20) .
The electronic rumen bolus has an advantage over an injectable electronic implant in avoiding potential contamination of meat or by-products. The rumen bolus also offers a significantly higher level of security. However, an external electronic ear tag would be much easier to recover at slaughter compared to a rumen bolus.
Read distance
A recent study in Germany (26) included the following comments regarding read distance:
-reading of a bolus seems to be more difficult and timeconsuming than reading of injectable transponders and electronic ear tags when hand-held readers are used -reading devices should be improved in future. Important features include an increased reading range, improved battery management and protection against shock and water -the limitation of field strength (122 dBµV/m in Germany) leads to a suboptimal reading range and must be taken into account when the results are compared to those from other countries of Europe which may use a field strength at the higher level of the I-ETS 300330 standard.
A reading distance of 25 cm for a portable reader may present difficulties in reading a bolus in the rumen of a large mature cow. Failure to identify an animal due to the inability of the reader to activate the microchip in the bolus should be a valid reason for failure if the read distance is inadequate. The basics of RFID have been described in the literature (13) . The RFID transponder consists of a RFID microchip with most of the electronic circuitry on the chip, and a radio frequency (RF) coil assembly. In many cases, the resonating capacitor of the coil is also incorporated in the microchip. The coil has two purposes; firstly, the coil acts as a receiving antenna for the RF activation field emitted by the reader. This activation field induces an electrical voltage in the coil which is used to power the microchip. Secondly, the microchip uses the coil to send back the identification code to the reader. In this case, the coil serves as a transmitting antenna. The procedure for a 'full duplex' (FDX) transponder has been outlined by Eradus and Jansen (13) . Whilst being operated, the reader emits a strong The transponders of high specific density, irrespective of source, have a retention rate of over 99.5%. Electronic failure of transponders in the reticulorumen was not reported to be a problem in any of the studies (11, 16) .
Recovery at slaughter
At slaughter, the rumen boluses were generally recovered easily with no risk of contaminating meat or by-products (11, 16) . Recovery was achieved by palpating the reticulum. Infrequently, the bolus was not present in the reticulum when electromagnetic activation field. When the transponder is in the vicinity of the reader, the induced voltage in the transponder coil is sufficiently high to activate the microchip. The microchip starts transmitting the identification code which is programmed in its memory. In the case of an FDX transponder, the identification code is transmitted by influencing the strength of the activation field according to the bit sequence of the code. The reader detects this influence on the activation field and translates this back into a digital signal (13) . After error checking, the identification code is displayed on the screen of the reader or available on an output port of the reader. A half duplex (HDX) transponder operates somewhat differently (13) . In this case, the microchip of the transponder is activated by the same activation field but waits until the field is switched off again. When this is the case, the transponder starts transmitting the identification code by generating the response signal internally. During this period, the transponder is powered by an internal capacitor which is charged up during the activation period. By switching the activation field on and off periodically, the transponder is alternately charged up during the 'on' period and transmits the code during the 'off' period of the activation field (13) . Both FDX and HDX systems have advantages and consequently both are incorporated in the International Organization for Standardization (ISO) standards 11784 and 11785. Neither system requires an internal battery, thus the lifetime is only limited by the endurance of the electronic circuitry and/or the encapsulation. The reading speed and reading range of the two systems are very similar. The identification code is unalterable after programming during the manufacturing phase (13) .
The importance of adequate reading distance for portable readers is evident from the above. The reading distance limitation does not appear to be a consideration with static readers, which have a reading distance exceeding 80 cm.
Advantages of the rumen bolus
The heavy electronic rumen bolus provides a safe, tamperproof method of electronic animal identification. Placement in the rumen/reticulum area renders tampering very difficult, unless surgery is performed to remove the transponder from the rumen. Electronic ear tags can be easily removed and replaced with a similar type of tag. High-density electronic rumen boluses have a high retention rate of > 99% per annum.
In contrast, the retention rate for plastic ear tags is approximately 95% per annum in extensive farming conditions. Therefore, the rumen bolus has a much lower replacement rate.
Disadvantages of the rumen bolus
The heavy electronic rumen bolus is more expensive than either the injectable transponder or the electronic ear tag. In addition, the animal with the rumen bolus will require an external method of identification for routine management of the animals. The recovery of the rumen bolus post slaughter is more problematic than the removal of an electronic ear tag.
Preference for the rumen bolus
Preference for the rumen bolus over electronic ear tags will very much depend on the possible financial incentive to fraudulently change the identity of an animal. The motivation for fraud could include collection of additional premiums, the desire to conceal a diseased animal, or in extreme cases, to introduce a diseased animal into a herd in order to claim compensation. Traceability is of great importance for consumers and meat retail outlets. Increasingly, consumers wish to know the origin of beef and how and where the animal was reared and fattened. In such instances, the rumen bolus provides more consumer protection than the external ear tag. Given the cost difference, detailed risk analysis may be required before choosing either the ear tag or rumen bolus as the preferred method of electronic animal identification. 
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Creación y empleo de bolos ruminales electrónicos como instrumento de identificación de bovinos
R.J. Fallon
Resumen La posibilidad de seguir el rastro de la carne hasta la explotación de origen está cobrando cada vez más importancia para los consumidores y los productores. La identificación de los animales por medios electrónicos resultaría muy útil en este sentido, pues estos instrumentos eliminarían la posibilidad de errores ligados a la transcripción manual de los datos. Además, la envergadura de las ayudas a la producción de que goza el sector bovino en la Unión Europea impone un elevado nivel de seguridad en lo tocante a la identificación de bovinos dentro de Europa. El bolo electrónico brinda un medio seguro y a prueba de alteraciones para identificar electrónicamente al animal. El éxito de este dispositivo estriba en parte en que se acompaña de un aplicador para terneros jóvenes (que introduce directamente el bolo en el rumen o el retículo), un bolo de densidad específica igual o superior a 3 g/cm 3 y lectores móviles o fijos capaces de recibir la señal del transmisor pasivo encerrado en el bolo. En Europa, el Centro Común de Investigación de Ispra (Italia) está llevando a cabo pruebas comparativas entre los distintos métodos de identificación electrónica. El centro de Ispra ha elaborado una lista de bolos aprobados que pueden usarse para la identificación electrónica de bovinos, grabando en el transmisor un número único y no modificable que identifica a cada ejemplar. La elección de un crotal o un bolo para la identificación electrónica del ganado dependerá del grado de seguridad que se requiera. Cuando se considere que la posibilidad de alteración fraudulenta de los crotales así lo justifica, el uso del bolo ruminal proporciona una alternativa segura para la identificación electrónica del animal.
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